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Morphology and seed germination of Reseda lutea L. (Resedaceae), which is distributed
naturally in Turkey, were investigated. Germination trial was observed at 10, 15, 20, 25,
30, 35 and 40 °C. In laboratory conditions at 25 °C, 87% of the seeds of R. lutea germi-
nated, while in soil conditions, the best germination rate was only 23%, achieved with
seeds sowed at 10 mm depth. The results of germination under different light conditions
showed that the germination rate at 25 °C in continuous darkness was 87%, 76% with 6
hours of light, 67% with 12 hours of light, 52% with 18 hours of light and 42% with con-
tinuous light. Measurements of samples collected from different localities showed that the
length of the plant is inversely proportional to the altitude.
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Introduction
About 60 species of Reseda genus are known to be distributed in the world, but in Tur-
key there are only 15 of them (DAVIS 1965). Among them, Reseda lutea can be found
throughout Turkey between the altitudes of 0 m and 2300 m; in the world, however, it is
widely distributed only in the temperate zone. Both R. lutea and R. luteola are used as dye
plants in Turkey, where hand-woven carpet making is very common (EYBOGh LU et al. 1983,
SEÇMEN et al. 1986, UGh UR 1988, ANONYMOUS 1991, ÖZTÜRK and ÖZÇELI
.
K 1991, MERT et al.
1993, DOGh AN 2001). The species R. lutea is also reported to be one of the plants used in api-
culture, grazing and the struggle against erosion (MOGHADDAM 1977, JABLONSKI et al.
1992, BRUNS and JOCHIMSEN 1989, JOCHIMSEN and JANSEN 1991, HEAP et al. 1995, DOGh AN
2001). However, in some countries, this species has been reported as a weed (ABDALLAH
and DE WITT 1978, FORBES and MATHEWS 1985, HEAP et al. 1995).
We investigated the morphological characteristics and seed germination of the species.
To know the ecological characteristics of a plant, it is necessary to determine the properties
and structure of its habitats, particularly the soil. This is possible through an autecological
study. To be able to identify the ecological characteristics of a plant species, the determina-
tion of soil properties alone is not enough, for it is also necessary to determine the non-eco-
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logical characteristics of the plant. Therefore in this study, the morphology and seed germi-
nation characteristics of R. lutea were investigated. The morphological characteristics of R.
lutea were compared with the results of studies done in other countries on this plant.
Material and methods
Specimens of R. lutea collected from 54 different localities from the West Anatolian
part of Turkey were identified taxonomically according to the »Flora of Turkey and the
East Aegean islands« (DAVIS 1965) and »The biology of Australian weeds« (HEAP et al.
1995). Plant samples collected from 54 different localities were used for biometric mea-
surements. Seeds which had completed stratification were used in the germination trials.
These were sterilised with 5% sodium hypochloride to prevent fungal invasion during the
experiment. After sterilisation, the seeds were washed in distilled water three times and put
for germination in sterilised petri dishes containing double filter papers. A refrigerated
oven was used as an incubator for germination with a 7 W-fluorescence-lamp for illumina-
tion. The petri dishes were kept 40 cm away from the light source. In the dark room, a 25 W
green-lamp was used for counting the germinated seeds. The petri dishes were placed 30
cm away from the light source for the counting of the seeds in the dark. Although the ger-
mination was completely finished at the end of the eleventh day, the petri dishes were left
for up to 21 days, but no more seeds germinated. The experiments were duplicated with
100 seeds per petri dish. The effects of temperature on germination were investigated at 10,
15, 20, 25, 30, 35, 40 and 45 °C, in continuous dark and light. The effects of light on germi-
nation was observed by leaving the seeds in continuous darkness, and in 6, 12, 18 and 24
hours of continuous light at 25 °C, which was the optimum germination temperature. In ad-
dition, to show the effects of the vertical position of the seeds in the soil on germination, the
seeds were left at 10, 30, 50 and 100 mm depths from the surface in 500 mL glass jars, filled
with garden soil. 100 seeds were kept in the middle and at the border of the jars. Germina-
tion was registered when the first leaf appeared on the soil surface. The study was carried
out for four weeks.
Results and Discussion
Localities established during the study of Reseda lutea in West Anatolia according to
the DAVIS (1965) grid-square are given below. Al: Çanakkale, centre (5); Eceabat (l);
Eceabat (2); Lapseki (4); Balikesir, Gönen (12). A2: Balikesir, Bandirma (11). Bl: Çanak-
kale, Ayvacik (3); Balikesir, centre (9); Ayvalik (6); Savas¸tepe (10); Manisa (15); Spil
mountain 13); Sabuncubeli (14); Akhisar (16); I
.
zmir, Dikili, (22); Bergama (23); Gümül-
dür (24); Bornova (26); Seferihisar (27); Urla (28); Karaburun (29); Çes¸me (30); Konak
(31); Aliagh a (32). B2: Balikesir, Bigadiç (7); Bigadiç (8); Manisa, Akhisar (17); Gördes
(18); Demirci (19); Kula (20); Sarigöl (21), Denizli, Güney (37); Güney (38); Çal (39); Çal
(44); Çivril (45); Kütahya, S¸aphane (52); Gediz (53); Us¸ak (54). Cl: I
.
zmir, Selçuk (25);
Aydin, Kus¸adasi (33); Söke (34); Ortaklar (35); Didim (36); Mugh la, Milas (48). C2 Denizli,
centre (41); Güzelpinar (40); Honaz Mountain (42); Tavas (43); Baklan (46); Pamukkale
(47); Mug– la, centre (51); Yatagh an (49); Ula (50).
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The morphological characteristics identified as a result of this study are given below: R.
lutea is a perennial or rarely an annual herb; with stems erect or ascending, usually dif-
fusely branched, glabrous or scabrous-papillose, 25 to 130 cm tall (Tab. l). Leaves are usu-
ally dark green; narrow, trifid or pinnatifid; segments elongate. Basal leaves are sometimes
entire, 34.55 to 178.05 mm; cauline leaves are 19.80 to 84.05 mm in length. Bracts are usu-
ally caducous. Flowers are zygomorphic and arranged in racemes. Sepals are 5–6, free, per-
sistent and becoming twisted in fruit, 2.8–3.5  0.6–0.9 mm long  broad. Petals are 6, free,
yellow coloured, 3.55–4.00  2.20–2.50 mm; the limbs are trilobed, and with the lateral
lobes are lunulate, entire, crenulate and occasionally more deeply divided into irregular
segments; the midlobes are shorter, entire, narrowly linear. Stamens are 13–24, inserted on
a dorsally enlarged disc, their lengths being 2.40–4.50 mm, and anther length 1.20–1.50
mm. Filaments are caducous very long before the fruit is ripe, 2.30–3.70 mm. Ovaries are
3, superior, unilocular, usually open at the apex, 2.00–3.30 mm, ovules are numerous.
Placentation is parietal, capsules are 4.00–15.00  2.00–5.40 mm, erect, rarely, the lower-
most stem capsules are pendulous when fully ripe, opening more widely at maturity: cap-
sule nerves are scabrous, cylindrical, sometimes ovate or even subglobose or triquetrous,
glabrous, with three very short teeth. Pedicel is 2.2–4.4 mm (in flower). Seeds are
1.40–1.80  1.05–1.25 mm, reniform or suborbicular, without endosperm; each capsule
has 4–27 seeds (Tab. l), shiny, yellow to black, slightly smooth, the mature seeds remain in
the capsules until dispersed by physical disturbance. The flowering period is from April to
late September.
The morphological observations and biometric measurements were completed on the
plants of R. lutea collected from West Anatolia. These results were compared with the re-
sults of other studies, those of BONNIER (1934), HEGI (1958), BUTCHER (1961), TUTIN et al.
(1964), DAVIS (1965), PEARCE (1982), and HARRIS et al. (1995). Plant length, which usually
changes with the habitat, is reported as 20–70 cm by BONNIER (1934), 30–60 cm by HEGI
(1958), 30 cm by BUTCHER (1961), 70 cm by DAVIS (1965), 20–80 cm by PEARCE (1982)
and 30–70 cm by HARRIS et al. (1995). It was found that the length in our 54 plant samples
varies between 25 and 130 cm (Tab. l). The average plant length is 103 cm at an average al-
titude of 68 m in 11 localities in the province of Izmir, while the same values in 11 localities
in the province of Denizli are 62 cm and 801 m respectively (Tab. 2).
There are also some differences in the plant lengths of our samples collected from dif-
ferent localities. As is seen in Table 2, at lower altitudes plant length is higher than plant
length in the higher altitudes. The average plant length of the samples collected from Izmir
is higher than the average plant length of all our samples collected from 54 different locali-
ties, which comes to 82.82 cm. This is in inverse proportion to the altitude. Again in
Denizli, plant length is less than the average length of the 54 plants, also inversely propor-
tional to altitude. Altitude starts from 750 m in localities numbered 13, 37, 38, 39, 40, 42,
43, 44, 45, 46 and 52. Plant lengths are lower in these localities: the 59.54 cm average is
lower than the average length of the other group of 54 plants, which is 82.82 cm. Plant
length starts decreasing after 750 m, as long as altitude increases. The reason for this de-
crease is reported to be that the higher altitude areas have higher solar radiation and stron-
ger air currents. In our case ecological factors mentioned above are not effective in these ar-
eas; rather, the longer vegetative periods due to the effects of ecological factors cause the
lengthening of these plants.
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Although HARRIS et al. (1995) stated the petal length as being 5 mm on average, in our
40 plant samples petal length was 3.57 mm on average (Tab. l). The value reported by HAR-
RIS et al. (1995) is thus considerably higher than ours.
The number of anthers in R. lutea flowers is reported as being 20 on average by
BONNIER (1934), 15–25 by HARRIS et al. (1995) and 14–18 by HEAP et al. (1995), but it was
observed to be around 17.30 in our area (Tab. l). Thus the anther numbers of our flowers are
lower than those reported BONNIER (1934), but commensurate with those of the other au-
thors.
Although TUTIN et al. (1964) reported the capsule width as 4.5–5.5 mm, it was seen that
these numbers vary between 2.00–5.40 mm in our samples, and the fruit capsule width of R.
lutea is narrower in our materials (Tab. l). DAVIS (1965) reported on biometric measure-
ments of R. lutea seeds, giving an average seed length of 2 mm or more, but our measure-
ments lie around 1.58 mm on average. Again BUTCHER (1961) found an average seed width
of 1.4 mm on, as against 1.15 mm on average in our samples.
The differences in the biometric measurements of R. lutea, can be explained as follows:
Other workers might have used only limited numbers of samples. Other factors could have
been the differences in geographic areas studied by other researchers as well as the differ-
ences in soil and edaphic conditions of these areas. Ecological differences can cause differ-
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Tab. 1. Biometric measurements of Reseda lutea (plant lenght mean of 54 samples, others mean of
40 samples). S.D. – standard deviation, S.E.- standard error
Morphological characteristics Min. Max. Mean S. D. S. E.
Plant height (above ground) (cm) 25 130 82.82 25.353 3.585
Basal leaves (mm) 34.55 178.05 74.97 36.792 6.953
Cauline leaves (mm) 19.80 84.05 42.65 16.211 2.629
Sepal length (mm) 2.80 3.50 2.76 0.346 0.081
Sepal width (mm) 0.60 0.90 0.73 0.084 0.020
Petal length (mm) 3.55 4.00 3.57 0.298 0.054
Petal width (mm) 2.20 2.50 2.19 0.142 0.031
Stigma length (mm) 2.00 3.30 2.91 0.376 0.094
Stamen length (mm) 2.40 4.50 3.46 0.634 0.184
Stamen number of a flower 13 24 17.30 2.398 0.379
Filament length (mm) 2.30 3.70 2.92 0.306 0.055
Anther length (mm) 1.20 1.50 1.43 0.099 0.026
Pedicel length of the flower (mm) 2.20 4.40 3.45 0.441 0.068
Pedicel length of the fruit (mm) 4.40 7.55 6.14 0.780 0.123
Capsule length (mm) 4.00 15.0 8.98 3.135 0.522
Capsule width (mm) 2.00 5.40 3.86 0.762 0.122
Seed length (mm) 1.40 1.80 1.58 0.103 0.018
Seed width (mm) 1.05 1.25 1.15 0.060 0.010
Seed number in a capsule 4 27 13.91 8.423 1.339
ences in the morphological features of a plant (ÖZTÜRK and SEÇMEN 1996). Although DAVIS
(1965) separated R. lutea into two varieties as var. lutea and var. nutans and ABDALLAH and
DE WITT (1978) separated this species into two subspecies, subsp. lutea and subsp.
neglecta, our study is not a taxonomical revision study, and so we have dealt with species
level.
Except with respect to the morphological features mentioned above, our measurements
and observations on the morphology of R. lutea show a considerable resemblance to those
reported by DAVIS (1965).
The germination rates of R. lutea seeds at different temperatures are given table 3. The
germination trial was observed at 10, 15, 20, 25, 30, 35 and 40 °C for 21 days to find the op-
timum temperature in continuous darkness and in continuous light. At the end of 21 days,
no germination had occurred below 10 or above 40 °C. The germination rates obtained are
17% at 10 °C, 39% at 15 °C, 58% at 20 °C, 87% at 25 °C, 69% at 30 °C, 45% at 35 °C and
28% at 40 °C. According to these results, the highest germination rate of R. lutea seeds is
87%, achieved at 25 °C.
The optimum germination temperature of R. lutea is thus 25 °C. The best germination
rate in continuous darkness was 87%, and it was 76% in 6 hours of light, 67% in 12 hours of
light, 52% in 18 hours of light and 42% in continuous light. Germination occurs under all
light periods (Tab. 4). The highest rate of germination (87%) is seen in continuous dark,
and germination rates decrease when the light periods last longer. Germination at all tem-
peratures starts on the second day, reaches the highest level on the third and fourth days and
decreases slowly after the fifth day. Although experiments continued until the twenty-first
day, germination had stopped at the end of the eleventh day.
ACTA BOT. CROAT. 61 (1), 2002 39
RESEDA LUTEA IN WEST ANATOLIA











22 50 103 37 750 50
23 150 86 38 800 80
24 50 116 39 830 75
25 50 106 40 1200 60
26 200 106 41 520 82
27 25 102 42 1500 50
28 25 107 43 1150 67
29 50 86 44 875 81
30 50 103 45 850 25
31 60 86 46 850 60
32 40 130 47 340 50
Mean 68 103 Mean 801 62
HEAP (1994) reported that this plant can germinate between 10–35 °C in conditions of
darkness; nevertheless, the maximum germination rate of 85% occurs at 25 °C under labo-
ratory conditions. In our findings it is ascertained the maximum germination rate is 87% at
25 °C, but it can germinate between 10–40 °C under dark conditions. Our findings show a
parallelism with those of HEAP (1994). The germination of R. lutea seeds at 40 °C is new in-
formation, not reported previously. HEAP (1994) studied six year old R. lutea seeds in labo-
ratory. He found the same germination rate, but seeds over 11 years old did not show any
evidence of germination under laboratory conditions. In our study l- and 2 year-old seeds
were used. Our germination results and those of HEAP (1994) show a good similarity.
In germination studies, the effect of light showed that seeds can germinate under all
light conditions from continuous darkness up to continuous light (Tab. 4). The lowest ger-
mination occurs in continuous light (42%), germination increasing in parallel to the in-
crease of darkness. The highest germination rate (87%) is seen in continuous darkness.
These results resemble those of HEAP (1994) and HEAP et al. (1995).
When the germination results are examined on daily basis, it is seen that the highest ger-
mination is on the third and fourth days. The germination decreases from the fifth day, fin-
ishes at the end of the eleventh day (Tab. 4). In another study, the following rates of germi-
nation were obtained: 40% at the end of the seventh day, 73% at the end of the fourteenth
day. As for the seeds that did not germinate at all, 25% were thought to be dead, while 2%
did not germinate although they were alive (HEAP et al. 1995). In our results, these rates are
83% at the end of the seventh day, 87% at the end of the fourteenth day. The germination
was completed to a large extent in the first week.
In a study done in South Australia, it was reported that R. lutea seeds, could stay alive in
the soil for at least 4 years. The germination rate was reported as of 33–63% (HEAP1994).
BOLLE (1936) and ABDALLAH and DE WITT (1978) reported similar findings on the ger-
mination of seeds of members of the Resedaceae, pointing out that these seeds do not stay
alive for more than 4 years. It was reported that 93% of R. lutea seeds could germinate at
the end of the first or second year (DOLPH-PETERSON 1925). These results, too, are close to
the germination results of R. lutea.
MOGHADDAM (1977) reported that R. lutea could grow even in areas where tempera-
tures decrease to as far as –25 °C in Iran. Germination studies on seeds pre-treated for seven
40 ACTA BOT. CROAT. 61 (1), 2002
DOGh AN Y., BAS¸LAR S., MERT H. H.
Tab. 3. Germination of seeds of Reseda lutea at different temperatures. T – Temperature, Cd – con-
tinuous dark, Cl – continuous light









days at 5 °C, showed a higher rate of germination than those treated for seven days at 20 °C
(HEAP et al. 1995). HEAP et al. (1995) pointed out that R. lutea seeds could stay alive at low
temperatures and under low temperatures. This resulted in an increase in their germination
rates. This shows that seeds need a vernalisation treatment for better germination.
The experiment of germination at different depths in soil lasted for four weeks. Sowing
was done at 10, 30, 50 and 100 mm in depths, in the middle and along the edge of glass jars
(Tab. 5). The reason for using jars instead of flowerpots is to ascertain the germination abil-
ity of seeds in light, in soil. 30% of seeds at 10 mm and in the middle, and 23% of seeds at
10 mm and along the border of jars germinated. At 30 mm, 18% of seeds in the middle and
1% along the border germinated. At 50 and 100 mm, no germination occurred. It is clearly
seen that germination and seedling appearance decreases with an increase in depth. Besides
this, the negative effect of light on germination has been ascertained.
Seeds germinate at an optimum depth, according to their light requirement. Under some
depths, seeds cannot germinate because they cannot get light. But seeds germinate easily if
they are close to the soil surface, because there is enough light. Each species has an opti-
mum germination depth, changing according to conditions (WEAVER and CLEMENTS 1938).
ÖZTÜRK et al. (1984) reported that seed germination rates show differences in relation to
planting on the surface and at the border of a glass jar and planting from surface to deeper
parts. The seeds of Myrtus communis L. (ÖZTÜRK 1979), Inula viscosa (L.) Aiton (PIRDAL
1989) and Asphedolus aestivus Brot. (PI
.
RDAL 1989),which show a parallel distribution
with our species, showed optimum germination at 10 mm, Briza (ÖZDEMIR et al. 1984) and
Bromus (TÜRDÜ et al. 1984) showed better germination on the surface in soil less than 10
mm deep. R. lutea seeds germinate well at 10 mm of soil depth (36%). Germination de-
creased as depth increased. Optimum germination and seedling appearance were seen in
the middle as well as along the border of the glass jars (Tab. 5). This shows that R. lutea
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Tab. 4. Germination rates of Reseda lutea seeds at different photoperiods at 25 °C.
Illumination
(Hours)
Germination (% / day) Total germination
(%)
1 2 3 4 5 6 7 8 9 10 11 21
0 0 2 47 28 5 1 0 2 1 0 1 0 87
6 0 3 45 23 2 1 1 0 0 1 0 0 76
12 0 2 23 28 9 3 0 0 2 0 0 0 67
18 0 2 22 14 6 3 2 1 1 1 0 0 52
24 0 0 18 16 5 1 0 0 1 0 1 0 42
Tab. 5. Germination results of the seeds of Reseda lutea at different depths in jars. Grc – germination
ratio in the centre, Grb – germination ratio at the border





seeds do not need light for germination, as was reported before in the discussion of the ef-
fects of light on germination. The germination ability of R. lutea seeds is better under dark
conditions (Tab. 5). HEAP (1994) reported that R. lutea seeds can germinate at a depth of
even up to 80 mm, but the maximum germination is seen between 5–10 mm. Our results
show a parallel with those of ÖZTÜRK (1979), PI
.
RDAL (1980), ÖZDEMIR et al. (1984), TÜRDÜ
et al. (1984), PI
.
RDAL (1989) and HEAP (1994).
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